We measured enteric parasitic infection prevalence and the effect of treatment on human immunodeficiency virus (HIV) RNA levels to assess their importance to HIV primary care in resource-limited settings. Adults in Lilongwe, Malawi, were evaluated, treated, and followed-up for parasitic and HIV infections. Of 389 patients, 266 (68%) were HIV infected. Helminth infections were more common in HIV-uninfected than in HIV-infected patients (39% vs. 17%). Among HIV-infected patients, helminth infections were associated with higher CD4 cell counts but not with higher HIV RNA levels. Successful treatment of parasitic infections had no effect on HIV RNA levels. Although common, parasitic infections did not impact HIV RNA levels.
Understanding the role played by endemic infections on HIV transmission and disease progression in developing countries is essential to effective provision of care for HIV infection. Although antiretroviral therapy (ART) is being introduced in resource-limited settings, basic medical services remain limited, and preventable, endemic illnesses account for substantial morbidity among HIV-infected patients [1] .
Studies of the interaction between HIV infection and intestinal parasitic infections have suggested that HIV-infected patients who are coinfected with helminths experience a shift from a Th1 response (or a type 1 immune system) to a predominantly Th2 response (or a type 2 immune system), as well as an increase in immune system activation [2] [3] [4] . Chronic immune activation and the presence of a dominant Th2 cytokine environment may increase the risk of acquiring HIV infection, and concomitant infection with HIV and intestinal parasites may potentiate the virulence of both within the infected patient [3, 4] .
Although helminth infections are ubiquitous in developing countries, their effect on the epidemiology of HIV infection, including the risk of HIV transmission and disease progression and management, remains uncertain [3, 4] . Treatment of helminth infections may reduce plasma HIV RNA levels [5] , but not all studies confirm this [6] [7] [8] , and mortality in HIV-infected patients may be similar by helminth infection status [7] .
In the present study, we determined the adult prevalence of enteric and urinary parasitic infections in Lilongwe, Malawi, and estimated prevalence differences by HIV infection status. We also studied the effect of parasitic treatment on HIV RNA levels among HIV-infected ART-naive individuals.
Participants, materials, and methods. Individuals attending HIV counseling and testing services or outpatient clinics at Kamuzu Central Hospital were eligible. At enrollment, patients received HIV counseling, blood samples were collected for HIV testing and HIV RNA quantification, stool and urine samples were collected for parasitologic testing, and a demographic and clinical history questionnaire was completed. All patients returned 1 week after enrollment to receive treatment for identified infections. HIV-infected and pathogenic parasite-coinfected patients were also asked to return 4 weeks after therapy. At that visit, blood was drawn for determination of follow-up HIV RNA levels, stool and urine samples were collected for parasitologic testing, and a questionnaire was completed.
Samples were tested for helminths and pathologic and nonpathologic protozoal infections. Schistosomiasis was defined as infection with Schistosoma mansoni or Schistosoma haematobium. "Helminth" was used to refer to both geohelminths and schistosomiasis.
Treatment was based on the guidelines of the Malawi Ministry of Health, including (1) Iodamoeba buetschlii HIV ELISA was performed in the event of discordant rapidtest results. HIV RNA levels were measured using the Roche HIV RNA Amplicor Monitor test (version 1.5; Roche Molecular Diagnostics). CD4 cell counts were determined by flow cytometry (FACSCount system; Becton Dickinson).
Stool analysis included a direct smear of formalin-fixed stool and concentrated smear using ethyl acetate sedimentation (ParaPak Con-Trate System; Meridian Bioscience). Lugol's iodine was added to direct and concentrated specimens. The ZnPVA-fixed specimen was processed using trichrome staining. Two independent technicians reviewed all specimens. Urine was centrifuged, and the sediment was examined for red cells, white cells, helminth eggs, and other pathogens. Confirmed infections for schistosomiasis included identification of Schistosoma haematobium eggs. All specimens were processed in Lilongwe, Malawi, in laboratories certified by the College of American Pathologists and the UK National External Quality Assessment Service.
Baseline characteristics between patients with and without HIV infection were compared using the Pearson x 2 test, the Wilcoxon-Mann-Whitney U test, and the t test, as appropriate. A Wilcoxon signed rank sum test was used to contrast the difference in log 10 -transformed HIV RNA levels from baseline to follow-up. SAS (version 9.1, SAS Institute) was used for analyses. Ethics approval was obtained from the University of North Carolina at Chapel Hill Committee on the Protection of the Rights of Human Subjects and from the Malawi National ). Most P ! .001 patients used tap water ( ; 75%) and a pit latrine n p 292 ( ; 90%), and these factors were comparable by HIV n p 349 infection status.
Sixty patients (15%) had been previously treated for a parasite, a median of 7 (IQR, 3 to 13) years ago; this was comparable by HIV infection status ( ). At baseline, 167 P p .37 patients (43%) had evidence of at least 1 parasitic infection (table 1) . Of patients with a parasitic infection, 117 (70%) were infected by only 1 parasite, 41 (25%) by 2, 8 (5%) by 3, and 1 (1%) by 4. The most common helminth infection was hookworm. Overall, the HIV-uninfected patients were more likely to have at least 1 parasitic infection, including a helminth, geohelminth, schistosomiasis, hookworm, or mixed infection. However, both pathogenic and nonpathogenic protozoan infections were comparable by HIV infection status.
Baseline HIV RNA levels and CD4 cell counts were available for 264 patients. The median HIV RNA level at baseline was 4.92 (IQR, 4.37 to 5.38) log 10 copies/mL, and patients with a parasitic coinfection had levels that were similar to those in patients without a parasitic coinfection ( . P p .002 Of the 73 HIV-infected patients who had at least 1 pathogenic parasitic infection at baseline, 71 received treatment and 63 returned for follow-up evaluation. Of the patients who received treatment, baseline and 4-week posttreatment HIV RNA levels were available for 57 (80%). The median follow-up HIV RNA level among these 57 patients was 4.98 (IQR, 4.49 to 5.48) log 10 copies/mL, compared with their baseline median value of 4.86 (IQR, 4.47 to 5.35) log 10 copies/mL ( ). The median P p .89 change was 0.04 (IQR, Ϫ0.27 to 0.31) log 10 copies/mL, with 76% of patients experiencing a change of !0.50 log 10 copies/ mL in HIV RNA level from baseline. Among those with a baseline HIV RNA level 16.0 log 10 copies/mL ( ), the level n p 6 decreased by a median of Ϫ0.74 (IQR, Ϫ0.92 to Ϫ0014) log 10 copies/mL. There was no significant change in HIV RNA level by type of parasitic infection (figure 1) or by sex, age, or baseline CD4 cell count.
Of the 57 patients with treated parasitic infections and available longitudinal HIV RNA values, 19 (33%) had evidence of at least 1 parasitic infection 4 weeks after receiving treatment. When we restricted the analysis to patients without evidence of parasitic infections at follow-up ( ), we did not observe n p 38 any differences in HIV RNA levels from baseline to follow-up ). P p .95
Discussion. As expected, we found that helminth and protozoan infections were common among individuals living in Lilongwe, Malawi. Although we did not observe a statistically significant difference in the prevalence of protozoan infections by HIV infection status, helminth infections were detected less frequently among HIV-infected than HIV-uninfected patients. Furthermore, among HIV-infected patients, the risk of detecting a helminth or protozoan infection decreased with declining CD4 cell counts.
In the present study, the HIV-infected patients with a helminth infection had plasma HIV RNA levels similar to those in the patients without a helminth infection, and treatment for helminth and other parasitic infections did not affect HIV RNA levels. These findings are consistent with those of most [6] [7] [8] [9] [10] , but not all [5, 11] , prior studies. One study observed a shortterm increase in HIV RNA levels after helminth eradication, an increase that disappeared with longer follow-up [9] . In the 2 studies that have suggested a possible benefit for HIV RNA level [5, 11] , the absolute changes were modest and unlikely to influence HIV disease progression or infectiousness. Subgroup analysis of our data in those with the highest baseline HIV RNA levels, although limited by a small sample size and subject to type II error, demonstrated decreasing HIV RNA levels after treatment, suggesting a potential benefit in those with the highest HIV RNA levels. Also, when interpreting the treatment studies that have been conducted to date, that variable lengths of follow-up have been used should be considered [5] [6] [7] [8] [9] [10] [11] . A short duration of follow-up, as in our study, potentially risks inadequate time for the evolution of favorable immune responses, whereas a longer follow-up can be influenced by disease progression.
Although treatment for intestinal parasitic infection may decrease HIV replication by decreasing activated lymphocytes, it is possible that any reduction in immune activation is not sufficient to impact HIV replication in the presence of HIV infection, which itself causes persistent immune system activation [12] . Furthermore, although we failed to quantify worm burden, light infestations may not induce immune activation or a Th1/Th2 shift enough to influence HIV replication. Moreover, the relationship between HIV replication and the chronic immune activation present in persons with HIV and helminth infections is more involved than previously believed, in light of recent findings with respect to the effect of immune activation on T regulatory/suppressor cells [12] . It is also possible that an effect on plasma HIV RNA levels was masked by other infectious diseases that are common in resource-limited settings, including malaria and tuberculosis.
Despite increasing evidence that enteric parasitic eradication in HIV-infected patients does not directly result in reduced HIV replication, there are other beneficial consequences to treating enteric infections in HIV-infected patients. For example, patients with HIV infection and schistosomiasis may be at increased risk of experiencing liver damage [13] . It is also possible that treatment of enteric or urinary parasitic infections results in reduced genital HIV RNA levels, which reduces the risk of transmitting HIV infection, as observed with sexually transmitted infections [14] . Among HIVuninfected individuals, the immune dysregulation observed with intestinal helminth infection may increase an individual's susceptibility to acquiring HIV infection [3] , as may genital schistosomiasis [15] .
The lower prevalence of helminth infections we found among HIV-infected patients and among patients with lower CD4 cell counts may represent a real difference in prevalence. However, it is also possible that we underestimated prevalence by relying on fecal smears rather than measuring circulating anodic antigen or circulating cathodic antigen (CCA) levels [13] . Prior studies have observed reduced egg excretion with decreasing CD4 cell counts among HIV-infected patients despite similar worm burdens, as measured on the basis of adult worm CCA levels [13] .
As a consequence of a possible impact on general morbidity, the idea of presumptively deworming large populations has received some support [3] . Given the high prevalence of intestinal pathogens in areas of the world hardest hit by HIV infection, it would be ideal if treatment of such coinfections also resulted in a decrease in HIV burden such that HIV disease progression and transmission could be modified. Because treatment of intestinal pathogens is safe and efficacious, the treatment of identified infections is warranted on an individual basis; however, to date the literature does not support that treatment will modify HIV disease progression in antiretroviral-naive individuals. Further work in those at high risk for acquiring HIV infection is warranted to better define the impact of intestinal pathogens on HIV acquisition.
